We herein experienced 9 patients with primary thyroid lymphoma that developed during 3-18 years of ultrasonographic follow-up of Hashimoto's thyroiditis. All nine patients had localized mucosa-associated lymphoid tissue (MALT) lymphoma. Two patients had diffuse type, one had mixed type, and six had nodular type according to the ultrasonographic classification. A clearly enlarging goiter was observed before the diagnosis of lymphoma in 3 patients. An enlarging goiter was not apparent in the remaining 6 patients with nodular type lymphoma, however, the emergence or enlargement of a hypoechoic nodular lesion was observed. Thyroid MALT lymphoma may be diagnosed early by an ultrasonographic follow-up of Hashimoto's thyroiditis.
Introduction
Primary thyroid lymphoma accounts for 1-5% of all thyroid malignancies and has been estimated to account for 1-2% of all extranodal lymphomas (1) . Primary thyroid lymphomas are presumed to develop from lymphoid tissue acquired during the course of an autoimmune process (2) . The prevalence of Hashimoto's thyroiditis in patients with primary thyroid lymphoma is nearly 100% according to thorough histopathological examinations (3) . The risk of patients with Hashimoto's thyroiditis developing primary thyroid lymphoma is 40 to 80 times greater than that of the general population (4) .
The most classical presentation of primary thyroid lymphoma is a rapidly enlarging goiter in patients with preexisting Hashimoto's thyroiditis. However, it is not uncommon for primary thyroid lymphoma to grow gradually for several months to several years (4, 5) . There are few reports on the serial ultrasonographic changes with the development of primary thyroid lymphoma in a background of Hashimoto's thyroiditis (5) . We herein report 9 patients with primary thyroid lymphoma which developed during 3-18 years of ultrasonographic follow-up of Hashimoto's thyroiditis.
The diagnosis of thyroid lymphoma was made histopathologically using tissues obtained by an open biopsy or thyroidectomy in all subjects. A flow cytometric analysis was used auxiliary to establish monoclonality for the definitive diagnosis of lymphoma in some patients. When the result of the flow cytometric analysis was equivocal, a G-band analysis (karyotyping) and genetic analysis (immunoglobulin heavy chain gene rearrangements) were applied additionally to confirm monoclonality. Surgical procedures to remove a lesion or to obtain a diagnostic sample were determined by each surgeon. Lobectomy or partial thyroidectomy was performed to obtain enough tissue for a histopathological examination and flow cytometric analysis when the lesion was relatively small. Soon after the histopathological diagnosis of thyroid lymphoma, radiotherapy was indicated as primary treatment for patients with stage IE or IIE disease.
Patients underwent an ultrasonographic examination mostly at 6 to 12-month intervals. The intervals of the ultra- Thyroid function at Dx sonographic examination were irregularly shortened to a few months for a careful follow-up of some noticeable findings. The thyroid weight was estimated by ultrasound as previously reported (6) . Ultrasonographic patterns of the primary thyroid lymphoma were classified into three types according to internal echoes, border, and posterior echoes: diffuse, mixed, and nodular types according to the classification proposed by Ota et al. (7) .
Autoantibodies to thyroid microsomal antigen and thyroglobulin were measured by particle agglutination using commercial kits (Serodia-AMC and Serodia-ATG, Fujirebio Inc., Tokyo, Japan; normal values <100x and <100x, respectively). In some patients, serum anti-thyroid peroxidase antibody and anti-thyroglobulin antibody were measured by commercial electrochemiluminescence immunoassays (Elecsys Anti-TPO and Elecsys Anti-Tg; Roche Diagnostics, Tokyo, Japan; normal values <16 IU/mL and <28 IU/mL, respectively). Serum levels of free thyroxine (T4) and thyrotropin (TSH) were measured by commercial immunoassays (Roche Diagnostics).
Case Reports
We experienced 9 patients with primary thyroid lymphoma between September 2005 and January 2014 who had been followed for Hashimoto's thyroiditis for at least 3 years and had at least one ultrasonogram within 12 months prior to their histological diagnosis of lymphoma. The patients' characteristics are listed in Tables 1 and 2 . All 9 patients were women and had localized mucosa-associated lymphoid tissue (MALT) lymphoma. Seven patients had stage IE, and two (Cases 2 and 5) patients had stage IIE. 67 Ga whole-body scintigraphy was performed at the diagnosis of lymphoma in all patients.
18 F-fluorodeoxyglucose positron emission tomography/computed tomography was performed additionally to evaluate the stage shortly after the histological diagnosis of lymphoma in one patient, who demonstrated a weak uptake of 67 Ga in the thyroid before surgery (Case 7).
The age at diagnosis of lymphoma ranged from 53 to 85 years with a median age of 70 years, and the duration of follow-up ranged from 3 to 18 years. Seven patients had been treated for hypothyroidism due to Hashimoto's thyroiditis with LT4 (25-100 μg/day), however, the dosage of LT4 had not changed for several years before the diagnosis of lymphoma in any of the patients. All 9 patients were diagnosed with Hashimoto's thyroiditis according to a diffuse goiter with positivity for anti-thyroid autoantibodies. Regarding the ultrasonographic pattern, two patients had diffuse type lymphoma, one had mixed type, and 6 had nodular type ( Fig. 1, 2) .
A clearly enlarging goiter without significant change in the serum TSH level was observed within 12 months prior to the diagnosis of lymphoma in 3 patients (Cases 1-3) (Fig. 1, 3) . Case 1 had a symmetric enlarging goiter, which was subjectively noticed one week before the diagnosis of thyroid lymphoma. The goiter was transiently enlarged 15 months before the diagnosis of lymphoma, however, the cytological diagnosis was Hashimoto's thyroiditis at that time. Case 2 had an asymmetrically enlarging right lobe of the thyroid. Right cervical lymphadenopathy was detected at the diagnosis of lymphoma. Case 3 had a markedly enlarging hypoechoic nodular lesion in the right lobe toward the isthmus and enlarging patchy hypoechoic lesions in the left lobe.
An enlarging goiter was not apparent in the remaining 6 patients (Fig. 2, 4) . The emergence of a hypoechoic nodular lesion, which had not been detected 6-11 months earlier, was observed in these 6 patients. Two patients were diagnosed with primary thyroid lymphoma soon after the detection of a hypoechoic nodular lesion (Cases 8 and 9). Although the total thyroid volume did not noticeably increase, the nodular lesions enlarged during the careful ultrasonographic follow-up until the histological diagnosis of lymphoma in the other 4 patients (Cases 4-7). They were diagnosed with lymphoma 2-30 months after the first detection of a hypoechoic nodular lesion. Bilateral lymphadenopathy was detected at the diagnosis of lymphoma in Case 5. 
B
Six patients (Cases 2-4, 6, 8, and 9) were strongly suspected to have lymphoma from the initial ultrasonographyguided fine-needle aspiration biopsy and soon underwent an open biopsy or thyroidectomy. On the other hand, the initial cytological diagnosis was Hashimoto's thyroiditis in 3 patients (Cases 1, 5, and 7). They underwent reexamination by a fine-needle aspiration biopsy due to an enlarging goiter, enlargement of a hypoechoic nodular lesion or development of cervical lymphadenopathy during 2-15 months of careful follow-up (Fig. 3, 4) . Three patients (Cases 3-5) were diagnosed with primary thyroid lymphoma more than 11 months after the initial detection of a hypoechoic nodular lesion.
The histological diagnosis of lymphoma was made 30 months after the initial detection of a hypoechoic lesion in Case 4, which had gradually enlarged and showed pseudocystic change.
The treatment and clinical course of each patient are shown in Table 2 . Six patients were treated with surgery followed by external irradiation, and one patient with external irradiation alone (open thyroid biopsy). Two patients with stage IE were treated with surgery alone (subtotal thyroidectomy with prophylactic cervical lymph node dissection). They did not undergo postsurgical radiotherapy because they refused radiotherapy due to advanced age. All patients, ex- Ig light chain: immunoglobulin light chain expression by flow cytometry, Follow-up: period of follow-up after the initial treatment, N.A.: not available Diagnosis cept for one, had a good clinical course by surgery and/or radiotherapy. One patient (Case 1) was transferred to another hospital for chemotherapy since the lymphoma had spread to the tonsils and lungs during radiotherapy. All patients were alive during 1-8 years of follow-up after the initial treatment.
Discussion
Primary thyroid lymphoma is divided into two common histologic subtypes: MALT lymphomas vs. diffuse large Bcell lymphoma (DLBCL) and mixed MALT lymphoma/ DLBCL (4). MALT lymphomas account for 23 to 47% of primary thyroid lymphomas (8, 9) . All 9 of the present patients had localized MALT lymphoma. Among the subtypes of primary thyroid lymphoma, MALT lymphoma is most strongly associated with Hashimoto's thyroiditis (10) . It follows a relatively indolent clinical course and is more likely to present at an earlier stage and demonstrate a better response to treatment (11) . However, MALT lymphoma may transform to a higher grade, more aggressive lymphoma, i.e., DLBCL or mixed MALT lymphoma/DLBCL (9) . An ultrasonographic follow-up of Hashimoto's thyroiditis might facilitate the early detection of MALT lymphoma before transformation to DLBCL.
Regarding the ultrasonographic findings of lymphoma, 6 of the 9 present patients had nodular type lymphoma. The rates of each ultrasonographic type were previously reported to be as follows in 79 patients with primary thyroid lymphoma detected by ultrasonographic screening: nodular type 47%, diffuse type 38%, and mixed type 15% (7) . The difference between the present patients and the above-reported pa-tients is that some lymphomas may have been detected earlier during the ultrasonographic follow-up for Hashimoto's thyroiditis in the present patients. Lymphoma was ultrasonographically classified as nodular type in all 6 of the present patients without an apparently enlarging goiter (Cases 4-9). Firstly, nodular type lymphoma may have higher ultrasonographic detectability than other types. Diffuse type lymphoma shows homogeneous and hypoechoic internal echoes, while Hashimoto's thyroiditis typically appears diffusely heterogeneous with hypoechogenicity on ultrasonography (12) . However, it is occasionally difficult to differentiate diffuse type lymphoma from severe Hashimoto's thyroiditis by ultrasonography, making the early identification of diffuse type lymphoma difficult in patients with Hashimoto's thyroiditis. Secondly, some nodular type lymphomas might change to other types as the lymphoma grows.
Regarding the progression of primary thyroid lymphoma in 7 of the present patients (Cases 1-7), a clearly enlarging goiter was observed in 3 (Cases 1-3). The rates of progression differed among the individual patients, despite the same subtype of lymphoma, or MALT lymphoma. In 2 patients (Cases 4 and 5), the lymphoma gradually enlarged for more than 11 months after the initial detection of the hypoechoic nodular lesion. Recently, the proportion of patients with primary thyroid lymphoma who develop a rapidly enlarging goiter has decreased (7). One of the reasons for this finding is that smaller primary thyroid lymphoma has been detected by high-resolution ultrasonography and diagnosed with an ultrasonography-guided fine-needle aspiration biopsy.
Although the initial cytological diagnosis was Hashimoto's thyroiditis in 3 patients (Cases 1, 5, and 7), lymphoma was strongly suspected from subsequent ultrasonographic changes of the thyroid and cervical lymph nodes, and the patients underwent reexamination by a fineneedle aspiration biopsy. Because the cytological characteristics of MALT lymphoma and Hashimoto's thyroiditis are similar, it is not uncommon for the cytological diagnosis of MALT lymphoma to be difficult in patients with Hashimoto's thyroiditis (13) . A careful ultrasonographic follow-up is important for determining whether to repeat a fine-needle aspiration biopsy or perform an open biopsy in order to diagnose lymphoma.
Despite the ultrasonographic follow-up before the diagnosis of lymphoma, the lymphoma had spread to the thorax during radiotherapy in one patient (Case 1). She had the largest goiter among all the present patients, and her goiter enlarged rapidly just before the diagnosis of lymphoma. Although a greater tumor size, rapid clinical growth, and presence of aggressive histology lymphoma are reported to be prognostic factors of primary thyroid lymphoma (14), we could not identify the histopathological difference between Case 1 and Cases 2-9. Thyroid MALT lymphoma was diagnosed before the development of subjective symptoms by an ultrasonographic follow-up in most of the present patients (Cases 2-9). Some cases of primary thyroid lymphoma might have been diagnosed as MALT lymphoma by an ultrasonographic follow-up before the transformation to DLBCL. However, the natural history of MALT lymphoma is obscure. Although rare, some lymphomas may spontaneously regress or remit (15) . Thus, the benefit of an early diagnosis and treatment of MALT lymphoma for its prognosis remains to be elucidated.
In conclusion, thyroid MALT lymphoma could be diagnosed early from the emergence of a hypoechoic nodular lesion by an ultrasonographic follow-up of Hashimoto's thyroiditis. The growth pattern of thyroid MALT lymphoma differs among individual patients. The beneficial effect of an ultrasonographic follow-up of Hashimoto's thyroiditis on the prognosis of early diagnosed thyroid MALT lymphoma remains to be elucidated by future investigations.
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